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(54) EXPOSURE DEVICE 

(57)Abstract: 

PURPOSE: To reduce illuminance irregularity due to 
speckle pattern when using light with a high spatial 
coherence as exposure light by the slit scan exposure 
system. 

CONSTITUTION: A reticle R is scanned in a scanning 
direction SR for a lighting region 15. a wafer W is scanned 
in a scanning direction SW for an exposure region 16 
which is conjugate to the lighting region 1 5, and then the 
pattern of the reticle R is exposed on the wafer W 
successively. The spatial coherence of laser beam LB0 
discharged from an excimer laser light source 1 is high in 
horizontal direction (H direction), its horizontal direction is 
made to be conjugate to the scanning direction SR of the 
lighting region 15 and the direction where the spatial 
coherence higher becomes the scanning direction SR. 




LEGAL STATUS 

[Date of request for examination] 
[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 
[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] _^,->w 

BEST AVAILABLE COP* 

http://www19.ipdl.ncipi.go.jp/PA1/result/detail/main/wAAAjcayvsDA406349701P1.... 2006/09/08 



31.05.2000 



3265503 
11.01.2002 



JP ,06-349701, A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

- 1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS . 

[Claiml^The light source which generates the illumination light which has predetermined s P a * ial 
coherence, and the illumination-light study system which illuminates the lighting field of a predetermined 
configuration by said illumination light, In the aligner which has a relative scan means to synchronize and to 
scan the mask and the photosensitive substrate with which the pattern for an imprint was relatively formed 
to said lighting field, and exposes the pattern of said mask on said substrate sen ally The aligner 
characterized by making the high direction of the spatial coherence of said illumination light the same as 
that of the relative scanning direction of the lighting field of said predetermined configuration, and said 

fCMm 21 The source of pulsed light which generates the pulsed light which has predetermined spatial 
cohe'nce, It has a relative scan means to synchronize and to scan the iUuminauon-hght study system which 
illuminates the lighting field of a predetermined configuration, the mask with which the pattern for an 
imprint was relatively formed to said lighting field, and a photosensitive substrate by said pulsed light. In 
Sg^er which exposes the pattern of said mask on said substrate serially It responds to the relative scan 
fpeed rtne lighting field of said predetermined configuration, and said mask, and the pitch of said relative 
scanning direction of the speckle pattern of said pulsed light in said lighting field. The aligner charactenzed 
Dy establishing a phase adjustable means to change the phase of the speckle pattern of said pulsed light in 
said lighting field for said every pulsed light. . 
rciaim 3] The aligner according to claim 2 characterized by establishing a spatial coherence diction 
meanTtodetect th^spatial coherence of said pulsed light, and the control means which con rols actuation of 
said phase adjustable means according to the spatial coherence of said this detected pulsed light. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Industrial Application] By illuminating a rectangle or the lighting field of circular ** for example with 
exposure light and scanning a mask and a sensitization substrate synchronously to the lighting field, about 
the so-called aligner of the slit scan exposure method which exposes the pattern on a mask on a sensitization 
substrate serially, this invention is applied, when using a high light of especially spatial coherence as an 
exposure light, and it is suitable. 

[Description of the Prior Art] Conventionally, in case a semiconductor device, a liquid crystal display 
component, or the thin film magnetic head is manufactured using a photolithography technique, the 
projection aligner exposed on the substrates (a wafer or glass plate) with which the photo mask or the 
pattern of a reticle (it is hereafter named a "reticle" generically) was applied to the photoresist etc through 
projection optics is used. In this projection aligner, in order to short-wavelength-ize exposure light and to 
raise resolution, excimer laser light like KrF excimer laser or ArF excimer laser or the laser beam of an 
ultraviolet area like the higher harmonic of argon laser is coming to be used as an exposure light. 
[0003] However, spatial coherence (coherency) of a laser beam is high, and while passing an illumination- 
light study system, the interference fringe called a speckle pattern arises, and it has the problem that this 
becomes the illuminance unevenness on a reticle and a substrate. Then, in using a laser beam as an exposure 
light in order to decrease the illuminance unevenness by the speckle pattern with the projection aligner of 
arT one-shot exposure method like the conventional usual stepper, the oscillating mirror was arranged before 
the fly eye lens in an illumination-light study system (optical integrator). And he exposes changing the 
phase of the speckle pattern (interference fringe) produced on a reticle and a substrate, and was trying for 
me light exposure in the whole surface in each shot field on a substrate to become homogeneity among one 
exposure by scanning the laser beam which carries out incidence to the optical integrator by the oscillating 
mirror. In this case, the contrast of distribution of the light exposure on a substrate becomes mm by shaking 
an oscillating mirror among one exposure, so that the phase of an interference fringe may do 2pi change ot. 

[Pmblem(s) to be Solved by the Invention] The chip size of one piece of a semiconductor device tends to be 
enlarged recently, and large area-ization which exposes the pattern of a bigger area than that on a reticle on a 
substrate is called for in the projection aligner. In order to respond to large-area-izing of this transferred 
pattern, and a limit of the exposure field of projection optics, the rectangle and the projection aligner of the 
so-called slit scan exposure method which exposes the pattern on a reticle on a substrate serially circular ^ or 
by scanning a reticle and a photosensitive substrate synchronously to lighting fields (this being called slit- 
like lighting field"), such as six square shapes, are developed. To use a high light of spatial coherence like a 
laser beam as an exposure light also with the projection aligner of such a slit scan exposure method, it is 
necessary to reduce the illuminance unevenness by the speckle pattern. 

[00051 However, by the slit scan exposure method, since the reticle and the substrate are scanned, the phase 
in which a SUPPEKURU pattern appears carries out time amount change. Therefore, the scanning direction 
of a reticle and a substrate poses a problem first. Next, when using together the oscillating mirror used at the 
time of an one-shot exposure method, it becomes a problem how an oscillating mirror is controlled 
according to the scan speed of a reticle and a substrate in the scanning direction list r( , lat ; velv 
[0006] For example, pattern space PA of Reticle R is gradually scanned by the lighting field 51 relat vely 
drawing? (a) - (d) showing the condition of scanning Reticle R in the direction of X (scanning direction SR) 
to the slit-like lighting field 51, and applying it to the condition of drawing 7 (d) from the condition of 
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drawing 7 (a). Therefore, to the direction (non-scanning direction) perpendicular to the direction of X of Y, 
alLugh th e scan is substantially performed to the direction of X in pattern space P A of Reticle R, since it is 
a quiescent state, the effects of a speckle pattern differ in the scanning direction and the non-scanning 

fo r OO C 7] 0 This invention aims at making the illuminance unevenness by the speckle . P a " e ^ as sma » as 
possible, when using a high light of spatial coherence as an exposure light with the aligner of a slit scan 
exposure method in view of this point. 

Hs for Solving the Problem] As the 1st aligner by this invention is shown in diawiagj. and ' ta^U 
The light source which generates the illumination light (LBO) which has pred— ^ a ^ h J enCe 
(1), The illumination-light study system which illuminates the lighting field .(. 1 5) , of " ^^"^ 
configuration by the illumination light (2-14), It has a relative scan ^ an 
wnchronize and to scan the mask (R) and the photosensitive substrate (W) with which the pattern for an 
mp ^Ts^WoZed to the lighting field (15). In the aligner which exposes the pattern of a mask 
R?on a substrate (W) serially, the high direction (direction H) of the spatial coherence of the illumination 

S^S^^^ " that ° f thC Ughting fidd (15) ° f 3 P^ 6 ^ C0nfi ^ ratl ° n ' a 
relative scanning direction (direction SR) with a mask (R). ... , Arnwino 9 Tv, e source 0 f 

r0009] Moreover, as the 2nd aligner by this invention is shown in drawing l and drawing 2 The source ot 
Dulsed light which generates the pulsed light (LBO) which has predetermined spatial coherence (1), The 
SnaSnSTsSidy system which illuminates the lighting field (15) of a predetermined configuration by 
£e pulsed lSJSS-M), It has a relative scan means (32, 34, 35, RST, WST) to synchronize and to scan the 
mask (R) ^and the photosensitive substrate (W) with which the pattern for an imprint was relatwdy formed 
£ the Ughting field (15). In the aligner which exposes the pattern of a mask (R) on a subsfrate _(W) senally 
The lighting field (15) of a predetermined configuration, and a relative scan speed with a t mask (R) 
JSoS of the relative scanning direction (direction SR) of the speckle pattern ofta ^pulsed 

puked lighfin a lighting field (15) for every pulsed light of the ^established. 

mm 01 In this case it is desirable to establish a spatial coherence detection means (17 18) to detect tne 
S cohe enc of that pu sed light, and the control means (32) which controls actuation of a phase 
" (» S -cording to the spatial coherence of that pulsed light detected in this way. 

mwmmm 

horizontal direction of fine pulsed light (LBO) injected fron, the light source (1) > set as the scanmng 

. . 10/4/2006 
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horizontal width of face of that pulsed light (LBO) using the cylindrical lenses 38 and 39 of two sheets as 
shown in drawing 3 . the flare angle of the pulsed light (LBO) which carries out incidence at this time --the 
focal distance of the cylindrical lens 38 of theta 1 and the preceding paragraph - the foca distance of the 
cylindrical lens 39 of fl and the latter part - fl ** - flare angle theta 2 of the pulsed light (LB) which will 
be injected from a cylindrical lens 39 if it carries out It is as follows. 

r00141 theta2 =(fl /f2)thetal (1) ... n m 

Therefore, it is fl <£2 in order to extend horizontal beam width. Flare angle theta 2 of the pulsed light (LB) 
which will be been as follows and injected if it carries out It becomes small. 

Seforl h ffbLm width is extended horizontally, as shown in dra^vjng4 , the spatial ^rence in the 
scanning direction (the direction of SR) of a lighting field (15) will become still higher ^^^ ,gh 
speckle pattern of contrast is formed in a scanning direction. On the other hand, since the contrast of the 
speckle pattern of a non-scanning direction is low, there is little illuminance unevenness in a non-scanning 



f(X)15] The illumination distribution of the scanning direction of the lighting field (15) becomes like the 
distribution curve 40 of drawing 5 (a). If the scanning direction of amask and a substrate ^^os^n «ns 
direction, since it will become **** of the wave of various phases like *gBJ*^(b) by *epW shift by 
scan, it counts upon mitigation of a speckle according to a superimpose effect. When not ^e^rming a 
certain control, however, depending on a scan speed The timing of pulse luminescence and the phase of a 
speckle pattern become a form mostly in agreement. At a certain irradiating point on a mask (R For 
example exposure is performed in order of the locations 40C and 40F of drawing 5 (a), and -, at another 
Sating point, exposure is performed in order of locations 40B and AOE and - a superimpose effect 
cannot be expected, and illuminance unevenness may not be mitigated. In order to avoid this wher it is the 
scan speed to which pulse luminescence is performed, an oscillating mirror is made to scan, and when 
emTttKX by location 40F and emitting light by deltaA and location 401, scan control to which the strike 
slTr only of^he deltaB is carried out is carried out in the locations 40C, 40F, and 401 of (a). 
001 6] Thereby, since each irradiating point on a mask (R) is exposed with an ™* * 

on a distribution curve 40 may become 0, 2mpi+ (2 pi/n), 4mpi+ (4 pi/n), 6mpi+ (6 pi/n), 2(n I) mpi z 
(n-1) Xand ^every pulse luminescence The illuminance unevenness of a scanning direction is 
reduced by controlling actuation of a phase adjustable means (8 9). 

mm 71 Moreover a spatial coherence detection means to detect the spatial coherence of the pulsed light (17 

8) If when m S_5 ml (32) which controls actuation of a phase adjustable 
to the spkal coherence of the detected pulsed light is established Actuation of a phase adjus able ^means (8 
9) is controlled so that the illuminance unevenness resulting from the speckle pattern on a mask (R) and a 
substrate (W) becomes min according to the detected spatial coherence. 

Spiel Hereafter, with reference to a drawing, it explains per example of the aligner by this invention 
this invention to the projection aligner of the slit scan ^SlX£w£ 
laser light source of a pulse oscillation mold as the light source of exposure light. BJ^f^^ 5 *^ 861 
beam LBO of a far-ultraviolet region (wavelength is 248nm) which showed tiie opti c « sy tern of the 
projection aligner of this example, and was injected from the excimer laser in this dMgJ.^ I incidence is 
caSied out to the beam plastic surgery optical system 2 which contains a cylindrical lens through the 
SvS mI M2 M3, and M4 for ultraviolet. Laser beam LBO injected from the excimer laser 1 
Horizonfa^fo H) width efface is a long and slender S ' 

direction of V) width efface, and a cross-section configuration is a laser beam LBO J^^^cm 
surgery optical system 2. Horizontal width of face is expanded and the laser beam LB_ 
configuration of the almost same aspect ratio as the aspect ratio of the lighting field 15 of the shape of a 

mXSS ttneSbtam LBO which carries out incidence as the configuration of the beam plastic 
2 is shown and it is shown in this drawings . Focal distance fl It passes through a 
lens 3 y 8 and the cylindrical lens 39 of a focal distance f2 (f2 > fl), and the ln^dw^ of 
Lee of a cross-section configuration is f2/fl. It is expanded twice. Laser beam LBO which carries out 
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incidence It is a flare angle theta 1 Flare angle theta 2 of the laser beam LB which will be injected if it 
carries out Flare angle theta 1 It is decreasing to fl/f2. The spatial coherence of the horizontal direction (the 
Son of H) of the laser beam LB injected since the spatial coherence of the flux of light is generally so 
high that a flare angle is small is the laser beam LBO which carries out incidence It is raised. 
r0020] The laser beam LB injected by drawing! from return and the beam plastic surgery optical system 2 
s bent by me reflective mirror M5 for ultraviolet, and carries out incidence to a beam «^ 
lens) 3, L a cross-section configuration is expanded even to a predetermined ^^^S^an 4 
Incidence of the parallel laser beam LB injected from the beam expander 3 is carried out to the Xtal pnsm ^4 
a^a Dolarization means and it is divided into two polarization components which intersect perpendicularly. 
ZSoS separated polarization components is carried out to the quartz-glass pnsm j5 for 
St^kl pafh^endment, and^he travelling direction of a beam is ^-^f^^^ ^^1^6 Ha 
polarization components is bent by the oscillating mirror 8 through the 1st step of the fly eye lens ,b ana 
Salens 7 With a driving gear 9, the oscillating mirror 8 scans a laser beam by the suitable control 
approach by include-angle within the limits predetermined [ on a horizontal plane ] 

image pick-up signal from the ^^^^^^^S^Z spatial coherence, it can 
Se^^ 

reflection factor (less than 100%) wh.ch conshtutes a resonato *_^™£^on of a wavelength narrow 
opening plate 29 for wavelength selechons, ^f^.^^s^ opto element. Furthermore, in 

(spectroscope etc.) 3 through abeam sphtter 30 and ±e wavelength ^mc h adjustment 

wavelength of a laser beam with the wavelength detector 1 '* "f"?"_™ 27 cha * the tilt angle of a 
mechanical component 2T *72SfflS«3 beforehand ™W come in 

. 10/4/2006 
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(signal according to the magnitude of the beam spot specifically made on the two-dimensional image sensor 
17) according to the beam angle of divergence which processes the image pick-up signal from the two- 
dimensional image sensor 17 by the image-processing system 18, and ^detected is sent al «to£emp 
control unit 32 which controls actuation of the whole equipment while it is fed back t the ^d»^ 
component 28 of the rear mirror 23 of an excimer laser 1. A mechanical component 28 changes the tilt ^angle 
ofThe rear mirror 23, when the value of the angle of divergence of the beam surveyed to the value defined 
beforehand has separated more than tolerance. ju,n, a «ri ( .u«n,oP 
[0026] Moreover, positioning and a scan of the reticle R of drawing 1 are performed by th e reticle stage 
RST of drawjngi; and positioning and a scan of Wafer W are performed by the wafer stage WST ' <rf 
d?awingTTretic e stage RST scans Reticle R, in order to change the exposure range of Reticle R on 
Slattern of onechip was drawn one by one. the wafer stage WST has the function to move Wafer 
W^by the s^ep-and-repeat method, and the function which scans Wafer W synchronizing with the scan of 
Reticle R according to the exposure range of Reticle R in the direction of X, and ^ direction of Y so that 
two or more shot fields on Wafer W may be alike, respectively, it may receive and the pattern image of 

m027] A maTntZrunit 32 controls the oscillation of an excimer laser 1 through the oscillation .control 
ection 26 and controls actuation of the wafer stage WST and a reticle stage RST ^.^.^^ 
control system 34 and the reticle stage control system 35, respectively. And a main control unit 32 controls 
S£?£rioZ etc - of vibration of the oscillating mirror 8 through a driving gear 9 Moreover the 
Says (CRT disp ay, meter, etc.) 33 grade as the keyboard 36, the coordinate input device (the so-called 
S T and Cutout unit as an input device is connected to the main control unit 32. A keyboard 36 and 
T^olrtonZ invT^ ™ »sed C by the what pulse it exposes per one-shot field in exposure processing 
ofa ccZT^Z and ] for [ other than specifying beforehand ] various sequence setup or a parameter 

[0028] Moreover, a main control unit 32 determines the oscillation frequency 

to^>r s he period of vibration of the oscillating mirror 8, the amplitude, and a phase and ermfc a 
JSJfSSllrt « determines the optima! scan speed as the retiele stage eontrol system 35 and 

W h M ^exlolf Ftet lLer beSi LBO injeeted from an excimer laser 1 in drawingj. m thts example 
formed on the lighting field 1 5 on Reticle R has the high contrast of a scanning direction SR, and the 

n!hHna field 5 bv the laser beam of the 1st polarization component of the two polarization components ] I 

. • 10/4/2006 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



JP,06-349701,A [DETAILED DESCRIPTION] 



Page 6 of 7 



field 15 11 (Y) is almost flat like the distribution curve 41 of drawing 4 (c). Therefore, the illuminance 
unevenness in the direction of Y which is a non-scanning direction is small. Moreover, in this example the 
illuminance unevenness in the direction of X is canceled by the scan of the reticle R to the lighting field 15, 
and the scan of the laser beam by the oscillating mirror 8 of drawing 1 . 

r00321 Drawing 5 (a) shows the distribution curve 40 corresponding to illumination distnbution [ ot the 
ca^inidir^ctn per 1 P^sed light in the lighting field 1 5 (the direction of X) ] I (X), and X coordinate is 
r the field to D ] the interior of the lighting field 15 of drawing! (a) from a zero, moreover - if Reticle R is 
scanned in the direction of X to the lighting field 15 - each irradiating point on Reticle R - drawing 5 (a) - 
(- drawing 5 (b) - the same -) - it shall move along with the X-axis 

0033] When setting to n the need [ that pulse luminescence is performed and the pitch of a distribution 
curve 40 is called for from the energy density and resist sensibility of PX and one pulse in this example ] 
pX nunTer, by n pulse luminescence A scan speed from which 0, PX/n, 2 PX/n, the distnbution curve 
Sat h^s a peak in each location of PX/n (n-1) are acquired (0, PX/n, 2 PX/n, the distribution curve that 
has a peak in order of PX/n (n-1) do not need to appear.) By n pulse luminescence all the distnbution curves 
that have a peak in each location should just be acquired, moreover, n - enough - being large - a pitch PX 
- n/2 n/3 and ... the distribution curve which has a peak in the location divided equally is just acquired 
When in agreement with the rate (value V=(D/n) f which broke the exposure field D by need pulse , number 
n, and applied the oscillation frequency f of laser) determined beforehand, it is not necessary to make the 
oscillating mirror 8 of drawing 1 scan, and the illuminance unevenness on Reticle R and Wafer W is 

J^^SS^ a need pulse number is 3, Reticle R moves in the direction of X only D/3 for 
every pulse. Therefore, at a certain irradiating point on Reticle R (X= 0), as shown in drawings (a), if 
exposure is performed in order and light exposure distribution of the direction of X is seen since ,[ of he 
locations 40A, 40E, and 401 of spacing D / 3, and - ] it will become the superposition of toe pule of the 
distribution curves 40, 42, and 43 of drawing^ (b), the quantity of light unevenness of addition light 
exposure becomes very small. The distance which Reticle R moves for every pulse is beforehand set as 1 for 
an integer of the width of face D of the scanning direction of the lighting held 1 b. 

raSflH^Xe the scan speed of Reticle R and Wafer W is determined like the after-mentioned b y 
me proper light exposure on Wafer W etc., the aforementioned conditions may not necessarily be satisfied. 
^^XtSScilUtfiiig mirror 8 of drawing! is scanned and 0, PX/n, 2 PX/n, the distnbution 
curve that has a peak in the location of PX/n (n-1) need to be made to be acquired. 

fo036] When a need pulse number is 4 concretely, Reticle R moves in the direction of X only D/4 for every 
Luis As shown in drawings (a), therefore, at a certain irradiating point on Reticle R (X= 0) spacing - D/4 
of the loc^OAT^D^G/and 40K - exposure being performed in order of ... and at acertam .another 
point and the point which separated only D/6 from the location of X= 0 Since exposure is performed in 
order of locations 40C, 40F, 401, and 40L, distribution of the addition light exposure of the direction of X 
serves as superposition of a distribution curve 40, and mitigation of quantity of light unevenness is no 
carrTed out It all. Then, the oscillating minor 8 is made to scan. For example ^™ ^^dSSa^ 
of the wave of four kinds of phases from which it differs like drawing 5 (c) at the time of PX/4 and location 
401 at me time of exposure when only 3PX / 4 change a phase by the scan of the oscillating mirror 8 at the 
time of PX/2 and location 40L by location 40F, and illuminance unevenness becomes very _sma l^By 
drawing 5 (c), distribution curves 46, 47, and 48 change a phase only for PX/4, PX/2, and 3PX / 4 by the 
oscillating minor 8 from a distribution curve 40, respectively. 

m037] Next it explains per scan speed of Reticle R and Wafer W. The scan speed of Wafer W is first 
determined by the proper light exposure (this becomes settled with the sensibility of the resist applied on 
Wafe W) giver > to Wafer W, and the amount of energy for every pulse. Since the amounts of energy 
emitted for every pulse differ in the case of the light source like an excimer laser 1, it dims in an 
ZmuiatL-hght study system, and the amount of energy for every pulse is determined by increasing and 
SSSSST^aoiiA-w that dispersion in the light exposure given to Wafer W by the supenmpose 

fowllTis EPtoSe proper light exposure given to a wafer about E and the amount of energy for every 
Luis the amount of average energies). If it carries out An exposure pulse number is E/EP. Since the scan 
LyTeSh SS£ vTdm o 8 f face of the scanning direction of the lighting field 15) of the range which .is 
expressed and is muminated at once on Reticle R is D, The movement r^^.^^^J^^ 
pulse serves as D (EP/E), and when the oscillation frequency of an excimer laser 1 is f [Hz], the scan speed 
V of Reticle R is set as the value of a degree type. 
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In addition, although the scan of the speckle pattern to the non-scanning direction (the direction of Y of 
drawing 4 ) of the lighting field 15 was omitted in the above-mentioned example in order to mitigate the 
uL_^_"ce unevenness of a non-scanning direction more, it is desirable by shaking the oscillating mirror 8 
perpendicularly in drawing ! to scan a speckle pattern also to a non-scanning direction^ 
m040] Moreover, in drawing 4 , in order to vibrate a speckle pattern to both a scanning direction SR (the 
direction of X), and a non-scanning direction (the direction of Y), a speckle pattern may be vibrated in the 
direction which crosses in the direction of X, and the direction of Y. 

[0041] In addition, there is also the following technique in the approach a high direction and whose scanning 
direction spatial coherence makes correspond. 

** If the reticle and the wafer are constituted from a body side of an aligner possible [ a scan ] in X and Y 
both directions, even if it is after connecting a body and a laser light source coherence should just : make ,a 
high direction the scanning direction. At this time, it is necessary to set up the «*8^ 
field with a reticle blind so that this determined scanning direction may turn into the direction of a short 

bJn£ which the Mgh direction of the spatial coherence of the laser beam from a laser ^« 
out incidence to the iUumination-light study system of an aligner so that it may be in agreement ^with the 
scaling direction. However, it may be necessary to adjust a fly eye lens etc. It is desirable to construct 
equipment in consideration of the high direction of coherence generally men tioned 
T00421 In addition when using the laser beam which this invention is not limited to the above-mentionea 
example for example, consist! of a higher harmonic of an YAG laser as an exposure light, or when using 
coZuation light like i line of a mercury lamp as an exposure light, of course, configurations various in the 
range which does not deviate from the summary of this invention can be taken. 

[Effect of the Invention] According to the 1 st aligner of this invention since the high direction of the 
contrast of the interference fringe of a SUPPEKURU pattern is mitigated by relative scan with a lighting 
field and a mask (substrate) in accordance with a scanning direction, the illuminance unevenness of the 
sS director! Taftte advantage to which the illuminance unevenness by the speckle pattern becomes 

ro0441 Moreover according to the 2nd aligner, since the phase of the speckle pattern of the pulsed I light ^in a 
ightine TeW can be c han ged for every pulsed light according to the relative scan speed of a lighting field 
aS a mask and th ^ of the relative scanning direction of the speckle pattern of the pulsed light m the 
t^tiZt^Xro is an advantage which can make the illuminance unevenness by the speckle pattern 

m0451 Moreover, especially when a spatial coherence detection means to detect the spatial eoherence of 
oulsed light and he control means which controls actuation of a phase adjustable means according to the 
splal coherence ^f the pulsed light detected in this way are established, the uluminance unevenness by the 
speckle pattern can be made small. 
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[Procedure revision] 

[Filing Date] May 31, Heisei 12 (2000. 5.31) 
[Procedure amendment 1 ] 
[Document to be Amended] Specification 
[Item(s) to be Amended] The name of invention 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Title of the Invention] The exposure approach and equipment 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[ciaim^nin the aligner which has the light source which generates the illumination light which has spatial 
coherence, the illumination-light study system which illuminates the lighting field of a predetermined 
configuration by said illumination light, and a relative scan means to synchronize and to scan the mask and 
substrate with which the predetermined pattern was relatively formed to said lighting field, and carries out 
scan exposure of said substrate, , 
The aligner characterized by making the high direction of the spatial coherence of said illumination light the 
same as that of the relative scanning direction of the lighting field of said predetermined configuration, and 

[Cltim^l The high direction of the spatial coherence of said illumination light is an aligner according to 
claim 1 characterized by the contrast of the speckle pattern formed in said lighting field being a high 
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direction. 

[Claim 3] The aligner according to claim 1 or 2 characterized by having further the displacement means to 
which the variation rate of the speckle pattern of said illumination light formed in said lighting field is 
carried out in said lighting field. 

[Claim 4] Said displacement means is an aligner according to claim 3 characterized by making the variation 
rate of said speckle pattern carry out towards said relative scan. 

[Claim 5] Said displacement means is an aligner according to claim 3 or 4 characterized by making the 
variation rate of said speckle pattern carry out in the direction of said relative scan, and the crossing 
direction. . . 

[Claim 6] The direction of said relative scan and the crossing direction are an aligner according to claim :> 
characterized by the contrast of said speckle pattern being a low direction. 

[Claim 7] Said light source is a source of pulsed light which carries out pulse luminescence of said 
illumination light, 

Said displacement means is the aligner of claim 3-6 characterized by carrying out the variation rate of said 
speckle pattern synchronizing with said pulse oscillation given in any 1 term. 

[Claim 8] In the aligner which has the source of pulsed light which generates the pulsed light which has 
spatial coherence, the illumination-light study system which illuminates the lighting field of a predetermined 
configuration by said pulsed light, and a relative scan means to synchronize and to scan the mask and 
substrate with which the predetermined pattern was relatively formed to said lighting field, and carries out 
scan exposure of said substrate, 

The aligner characterized by establishing a phase adjustable means to change the phase of the speckle 
pattern of said pulsed light in said lighting field for said every pulsed light, according to the relative scan 
speed of the lighting field of said predetermined configuration, and said mask, and the pitch of said relative 
scanning direction of the speckle pattern of said pulsed light in said lighting field. 
[Claim 9] The aligner according to claim 8 characterized by establishing a spatial coherence detection 
means to detect the spatial coherence of said pulsed light, and the control means which controls actuation ot 
said phase adjustable means according to the spatial coherence of said this detected pulsed light. 
[Claim 10] In the aligner which has the light source which generates the illumination light which has spatial 
coherence, the illumination-light study system which illuminates the lighting field of a predetermined 
configuration by said illumination light, and a relative scan means to synchronize and to scan the mask and 
substrate with which the predetermined pattern was relatively formed to said lighting field, and carries out 
scan exposure of said substrate, . * • u * r 

The displacement means to which the variation rate of the speckle pattern of said illumination light lormed 
in said lighting field is carried out in said lighting field, 

The control means which controls said displacement means so that the effect of the speckle pattern formed 
in said lighting field is reduced, while said mask and said substrate are moving to said lighting field dunng 
said scan exposure, 

The aligner characterized by preparation ******. 

[Claim 1 1] Said control means is an aligner according to claim 10 characterized by controlling said 

displacement means so that said speckle pattern displaces to said relative scanning direction. 

[Claim 12] Said control means is an aligner according to claim 1 1 characterized by controlling said 

displacement means according to the relative scan speed of said lighting field and said mask. 

[Claim 13] Said control means is an aligner according to claim 1 1 or 12 characterized by controlling said 

displacement means according to the illumination distribution of said speckle pattern. 

[Claim 14] Said control means is the aligner of claim 10-13 characterized by controlling said displacement 

means so that said speckle pattern displaces in the direction of said relative scan, and the crossing direction 

given in any 1 term. . 

[Claim 15] Said light source is a source of pulsed light which carries out pulse luminescence ot said 

illumination light, - 

Said displacement means is the aligner of claim 10-14 characterized by carrying out the variation rate ot 

said speckle pattern synchronizing with said pulse oscillation given in any 1 term. 

[Claim 16] It has further a detection means to detect the spatial coherence of said illumination light, 

Said control means is the aligner of claim 10-15 characterized by controlling said displacement means 

according to the spatial coherence detected with said detection means given in any 1 term. 

[Claim 17] In the aligner which has the light source which generates the illumination light which has spatial 

coherence, the illumination-light study system which illuminates the lighting field of a predetermined 
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configuration by said illumination light, and a relative scan means to synchronize and to scan the mask and 
substrate with which the predetermined pattern was relatively formed to said lighting field, and carries out 
scan exposure of said substrate, 

A measurement means to measure the information on the angle of divergence of said illumination light, 
The control means which controls the exposure conditions of said substrate based on the information on the 
measured this angle of divergence, 
The aligner characterized by preparation ******. 

[Claim 1 8] In the aligner which has the light source which generates the illumination light which has spatial 
coherence, the illumination-light study system which illuminates the lighting field of a predetermined 
configuration by the illumination light, and a relative scan means to synchronize and to scan the mask and 
substrate with which the predetermined pattern was relatively formed to said lighting field, and carries out 
scan exposure of said substrate, 

Said illumination-light study system has a polarization means to divide the illumination light from said light 
source into the 1st illumination light of the 1st polarization component, and the 2nd illumination light of the 
2nd polarization component, 

Said 1st illumination light and said 2nd illumination light are an aligner characterized by shirting the 

illumination distribution on said mask to said relative scanning direction mutually. 

[Claim 19] In the exposure approach which carries out scan exposure of said substrate by scanning 

synchronously the mask and substrate with which the predetermined pattern was relatively formed to said 

lighting field while illuminating the lighting field of a predetermined configuration by the illumination light 

which has spatial coherence, . 

The exposure approach characterized by making the same as that of the relative scanning direction of the 

lighting field of said predetermined configuration, and said mask the high direction of the contrast of the 

speckle pattern formed in said lighting field. 

[Claim 20] In the exposure approach which carries out scan exposure of said substrate by scanning 
synchronously the mask and substrate with which the predetermined pattern was relatively formed to said 
lighting field while illuminating a lighting field by the illumination light which has spatial coherence 
Said illumination light is discharged from the light source with the cross-section configuration which has a 
longitudinal direction and the direction of a short hand, 

The exposure approach that the direction of a short hand of the cross-section configuration of said 
illumination light is characterized by making it in agreement with the relative scanning direction of said 
lighting field and said mask. 

[Claim 2 1 ] In the exposure approach which carries out scan exposure of said substrate by scanning 
synchronously the mask and substrate with which the predetermined pattern was relatively formed to said 
lighting field while illuminating the lighting field of a predetermined configuration by the illumination light 
which has spatial coherence, 

The exposure approach characterized by carrying out the variation rate of said speckle pattern in said 

lighting field so that the effect of the speckle pattern formed in said lighting field may become small, while 

said mask and said substrate are moving to said lighting field during said scan exposure. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0001 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Industrial Application] By illuminating a rectangle or the lighting field of circular ** for example with 

exposure light, and scanning a mask and a sensitization substrate synchronously to the lighting field, about 

the so-called exposure approach of a slit scan exposure method and aligner which expose the pattern on a 

mask on a sensitization substrate serially, this invention is applied, when using a high light of especially 

spatial coherence as an exposure light, and it is suitable. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0007 

[Method of Amendment] Modification 

[Proposed Amendment] , , .. ,, 

[0007] This invention aims at making the illuminance unevenness by the speckle pattern as small as 
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possible, when using a high light of spatial coherence as an exposure light with the exposure approach of a 

slit scan exposure method, and an aligner in view of this point. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0008 

[Method of Amendment] Modification 

[Proposed Amendment] 

rooosi 

[Means for Solving the Problem] As the 1st aligner by this invention is shown in drawing 1 and drawing 2 
The light source which generates the illumination light (LBO) which has spatial coherence ( 1 ), The 
illumination-light study system which illuminates the lighting field (15) of a predetermined configuration by 
the illumination light (2-14), It has a relative scan means (32, 34, 35, RST, WST) to synchronize and to scan 
the mask (R) and substrate (W) with which the predetermined pattern was relatively formed to the lighting 
field (15) In the aligner which carries out scan exposure of the substrate (W), the high direction (direction 
H) of the spatial coherence of the illumination light (LBO) is made the same as that of the lighting field (15) 
of a predetermined configuration, and a relative scanning direction (direction SR) with a mask (R). 
[Procedure amendment 6] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0009 
[Method of Amendment] Modification 

[Proposed Amendment] r 
[00091 Moreover, as the 2nd aligner by this invention is shown in drawing 1 and drawing 2 The source ot 
pulsed light which generates the pulsed light (LBO) which has spatial coherence (1), The illumination-light 
study system which illuminates the lighting field (15) of a predetermined configuration by the pu sed light 
(2-14), It has a relative scan means (32, 34, 35, RST, WST) to synchronize and to scan the mask (R) and 
substrate (W) with which the predetermined pattern was relatively formed to the lighting field (15). In the 
aligner which carries out scan exposure of the substrate (W) The lighting field (15) of a predetermined 
configuration, and a relative scan speed with a mask (R), According to the pitch of the relative scanning 
direction (direction SR) of the speckle pattern of the pulsed light in a lighting field (15), a phase adjustable 
means (8 9) to change the phase of the speckle pattern of the pulsed light in a lighting field (15) for every 
pulsed light of the is established. 
[Procedure amendment 7] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0010 
[Method of Amendment] Modification 

[Proposed Amendment] , , 

[00101 In this case, it is desirable to establish a spatial coherence detection means (17 18) to detect the 
spatial coherence of that pulsed light, and the control means (32) which controls actuation of a phase 
adjustable means (8 9) according to the spatial coherence of that pulsed light detected in this way. Next the 
3rd aligner of this invention has the light source which generates the illumination light which has spatial 
coherence, the illumination-light study system which illuminates the lighting field of a predetermined 
configuration by the illumination light, and a relative scan means synchronize and scan the mask and the 
substrate with which the predetermined pattern was relatively formed to the lighting field, and is 
characterized by to provide the following in the aligner which carries out scan exposure of the substrate. The 
displacement means to which the variation rate of the speckle pattern of the illumination light formed in the 
lighting field is carried out in the lighting field The control means which controls the displacement means so 
that the effect of the speckle pattern formed in the lighting field is reduced, while the mask and its substrate 
are moving to the lighting field during the scan exposure Moreover, the 4th aligner of this invention has the 
light source which generates the illumination light which has spatial coherence, the i umination-hght study 
system which illuminates the lighting field of a predetermined configuration by the illumination light, and a 
relative scan means synchronize and scan the mask and the substrate with which the predetermined pattern 
was relatively formed to the lighting field, and is characterized by to provide the following in the aligner 
which carries out scan exposure of the substrate. A measurement means to measure the information on the 
angle of divergence of the illumination light The control means which controls the exposure conditions ot 
that substrate based on the information on this measured angle of divergence Moreover the light source in 
which the 5th aligner by this invention generates the illumination light which has spatial coherence, In the 
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aligner which has a relative scan means to synchronize and to scan the illumination-light study system 
which illuminates the lighting field of a predetermined configuration, and the mask and substrate in which 
the predetermined pattern was relatively formed to the lighting field by the illumination light, and carries out 
scan exposure of the substrate The illumination-light study system had a polarization means to divide the 
illumination light from the light source into the 1st illumination light of the 1st polarization component, and 
the 2nd illumination light of the 2nd polarization component, and the 1st illumination light and its 2nd 
illumination light are shifted mutually [ the illumination distribution on the mask ] in the relative scanning 
direction. Next, while the 1st exposure approach by this invention illuminates the lighting field of a 
predetermined configuration by the illumination light which has spatial coherence By scanning 
synchronously the mask and substrate with which the predetermined pattern was relatively formed to the 
lighting field In the exposure approach which carries out scan exposure of the substrate, the high direction of 
the contrast of the speckle pattern formed in the lighting field is made the same as that of the relative 
scanning direction of the lighting field and mask of the predetermined configuration. Moreover, while the 
2nd exposure approach by this invention illuminates a lighting field by the illumination light which has 
spatial coherence By scanning synchronously the mask and substrate with which the predetermined pattern 
was relatively formed to the lighting field It is discharged from the light source with the cross-section 
configuration which has a longitudinal direction and the direction of a short hand, and is made for the 
direction of a short hand of the illumination light of the cross-section configuration of the illumination light 
to correspond with the relative scanning direction of the lighting field and its mask in the exposure approach 
which carries out scan exposure of the substrate. Moreover, while the 3rd exposure approach by this 
invention illuminates the lighting field of a predetermined configuration by the illumination light which has 
spatial coherence By scanning synchronously the mask and substrate with which the predetermined pattern 
was relatively formed to the lighting field In the exposure approach which carries out scan exposure of the 
substrate, while the mask and its substrate are moving to the lighting field during the scan exposure The 
variation rate of the speckle pattern is carried out in the lighting field so that the effect of the speckle pattern 
formed in the lighting field may become small. 
[Procedure amendment 8] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0016 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0016] Thereby, since each irradiating point on a mask (R) is exposed with an illuminance with a speckle 

pattern of a phase which is equally divided according to a pulse number and is different called the 

distribution curves 40, 42, and 43 of drawing 5 (b), addition light exposure is equalized and the illuminance 

unevenness in the scanning direction on a mask (R) is reduced. Namely, n and m are made into an integer in 

the irradiating point of the arbitration on a mask (R). So that the phase of the scanning direction on a 

distribution curve 40 may become 0, 2mpi+ (2 pi/n), 4mpi+ (4 pi/n), 6mpi+ (6 pi/n), 2(n-l) mpi+2 (n-1) 

pi/n, and ... for every pulse luminescence The illuminance unevenness of a scanning direction is reduced by 

controlling actuation of a phase adjustable means (8 9). 

[Procedure amendment 9] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0018 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0018] 

[Example] Hereafter, with reference to a drawing, it explains per example of this invention. This example 
applies this invention to the projection aligner of the slit scan exposure method which used the laser light 
source of a pulse oscillation mold as the light source of exposure light. Drawing 1 is the laser beam LB0 of a 
far-ultraviolet region (wavelength is 248nm) which showed the optical system of the projection aligner of 
this example, and was injected from the excimer laser 1 in this drawing 1 . Incidence is carried out to the 
beam plastic surgery optical system 2 which contains a cylindrical lens through the reflective mirrors Ml, 
M2, M3, and M4 for ultraviolet. Laser beam LB0 injected from the excimer laser 1 Horizontal (the direction 
of H) width of face is a long and slender rectangle quite narrower than vertical (the direction of V) width of 
face, and a cross-section configuration is a laser beam LB0 at the beam plastic surgery optical system 2. 
Horizontal width of face is expanded and the laser beam LB of the cross-section configuration of the almost 
same aspect ratio as the aspect ratio of the lighting field 15 of the shape of a below-mentioned slit is 
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injected. 

[Procedure amendment 10] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0019 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0019] Drawing 3 is the laser beam LB0 which carries out incidence as the configuration of the beam plastic 
surgery optical system 2 is shown and it is shown in this drawing 3. Focal distance fl It passes through a 
cylindrical lens 38 and the cylindrical lens 39 of a focal distance f2 (f2 > fl), and the horizontal width of 
face of a cross-section configuration is f2/fl . It is expanded twice. Laser beam LB0 which carries out 
incidence It is a flare angle theta 1 Flare angle theta 2 of the laser beam LB which will be injected if it 
carries out Flare angle theta 1 fl/f2 It is decreasing. The spatial coherence of the horizontal direction (the 
direction of H) of the laser beam LB injected since the spatial coherence of the flux of light is generally so 
high that a flare angle is small is the laser beam LB0 which carries out incidence. It is raised. 
[Procedure amendment 1 1] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0025 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0025] Moreover, a part of laser beam injected from the front mirror 22 is led to the wavelength detectors 
(spectroscope etc.) 31 through a beam splitter 30, and the wavelength which detected and detected the 
wavelength of a laser beam with the wavelength detector 31 is transmitted to the wavelength adjustment 
mechanical component 27. The wavelength adjustment mechanical component 27 changes the tilt angle of a 
diffraction grating 25 so that a difference with the absolute wavelength defined beforehand may come in 
specification according to the wavelength detected with the wavelength detector 31. Moreover, the signal 
(signal according to the magnitude of the beam spot specifically made on the two-dimensional image sensor 
17) according to the beam angle of divergence which processes the image pick-up signal from the two- 
dimensional image sensor 17 by the image-processing system 18, and is detected is sent also to the main 
control unit 32 which controls actuation of the whole equipment while it is fed back to the mechanical 
component 28 of the rear mirror 23 of an excimer laser 1 . A mechanical component 28 changes the tilt angle 
of the rear mirror 23, when the value of the angle of divergence of the beam surveyed to the value defined 
beforehand has separated more than tolerance. 
[Procedure amendment 12] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0043 
[Method of Amendment] Modification 
[Proposed Amendment] 
[0043] 

[Effect of the Invention] According to this invention, since the high direction of the contrast of the 

interference fringe of a speckle pattern is mitigated by relative scan with a lighting field and a mask 

(substrate) in accordance with a scanning direction, the illuminance unevenness of the scanning direction 

has the advantage to which the illuminance unevenness by the speckle pattern becomes small. 

[Procedure amendment 13] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0044 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0044] Moreover, since he is trying to displace a speckle pattern in a lighting field according to this 

invention while carrying out the relative scan of a mask and the substrate to the lighting field, the mitigation 

and the interval by relative scan of a lighting field and a mask (substrate) make very small effect of the 

illuminance unevenness by the speckle pattern, and can carry out the thing of it. 

[Procedure amendment 14] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0045 

[Method of Amendment] Modification 

[Proposed Amendment] 
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[0045] Especially, according to the relative scan speed of a lighting field and a mask (substrate), and the 
pitch of the relative scanning direction of the speckle pattern of the pulsed light in the lighting field, the 
illuminance unevenness by the speckle pattern can be made smaller by changing the phase of the speckle 
pattern of the pulsed light in a lighting field for every pulsed light. 



[Translation done.] 
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[0 0 0 5] XU-vhX*^>Sft^ 

Tftt. U5 1 ^^s.r/s«^*^nxv^^*xy^i7 
;wi^->©tti^-r^&ffi^W^b1" ; 5o t^t* 

fi«3t35iC©t#lcfflv»fcJB»s 

-e©^«*i^MtX[r i^?i7^s.^s«©^sst'-&*5 

[0 0 0 6] MAtf, 07 (a) ~ (d) BXUyhtt 
©BHW«*5 1C^LTX*Ir] (^*^Ip]SR) t'U? 
^>iVR^^a-r^«SIS*b. 07 (a) ©«*«»& H 

7 (d) ©ttttcflutT, ^mtcu^;uR©/^-> 
®iPA*wi:,ras«5 1 cios^n^. ft 

oT, U?^^R©/^->««PAT«X7JIpI^L 
) ac7jffi]i:*^S7j^(hTX^y^;W?3'->©^®^S 



(3) 

3 

[0 0 0 7] #3B9!tt»**Afc**. *'J v 

Bgfttl 6 *T**»t*S < 51 1 £ Eft 
[00 0 8] 

smb. «Af<aiRi/H2c«-rj:'5c, m^o^w 

3k-U>X**"rsllMI* (LBo)£5S£-rS5fc«i 
(1) fc, *©»W#T»rS*tt©«Wl«K (15) * 20 

jH«r*KW3t** (2~i4) t. mwm® a 5) 

(R) (W) £®MLT%.l£-rz>Wtt 

fc&tWt (3 2, 3 4, 3 5, RST, WST) h^M 
U TX* (R) ©^^->*JiJklt« (W) ±K»* 

-rssftgei^^T, mwt (LBo)o^t-i/ 

>xoKWfi WfaH) &F9r£JEM*©JiiW«* (1 
5) (R) £©ffi*fW&;£**fr WftSR) 

fcLifc *>©-(!&*. 

[o o o 9] Sit. *^w(c«fc^m2<Dfi^se«. n a? 

AtfBl*tfH2lcw-rJ:5fc. ffi5£©£»3 fc-V> 
X**t5^^* (LB,)*»tti/^H*I 
(1) t. *O^^X*TIWe»«©JHM1IW (15) 
ftJHWr*iilH*#* (2-14) t, (1 
5) ic#LT*»WR:C9fflo^5'->« t »***ifc^ 
X? (R) *r«3fctt<DMR (W) ftraJBLTjtSf* 
(3 2, 3 4, 3 5, RST, WST) t 

ft#U 7Xi? (R) ©/^->*3i*as« (W) ±K 
•ftffcBftSBKfc^T. B?jfc#tt©IH9!»« (1 
5) tvX9 (R) i©***tt&jfeK**i* JRHfctt 30 
(15) "c<D s ta>n}l>x9tw<y!rJi'r<9'- >©*© 

ffi»«ftjt**^J ttffoSR) ©fcfy^tlOSUT. IS 
(15) T©-€-©/WX3fc©X^y?;WS*-> 

(8, 9) eR»tfct>©T*«. 

[0 0 10] H©»&. *©/tjW)t»Sffi3k-l/> 

7.^m-r-5^m=it-p>x^m¥e (i 7, is) 
£©«fc5ic&wsnfc*©^x#©?£ffl3t-i/ 
>xt«i;TffiffiWT-a (8, 9) ©sjf^&M^-rs 

««#R (3 2) t*«W-*Ct3WI*LV>. 40 
[0 0 11] 

im% (LBo)©7tSlCSE^ffil*3T?^W3t-^>7 > 
(?HH*tt©gllE> ©WV»*l«I*IWl/T**, Bf«» 

^.(Dmmmm (i 5) tis^-cvx? (r) t©*§*fw 

fcifcg©^) (SR^IpJ) fc. ^(8l3k-U>X© 

^(c, IH^ffitt (l 5) ±fc»j*Sn*IIMB#fcJ:«* 
<y*JW1*->©;£SE#fa (SR#ft) ©SB&tttf 
tt, »*ft*4 0©«fc3CBr«Ky^T]t«W*ev>S A 
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4 

■■c*»-r*. ^©ra®« (is) ±©**v 

^^yt^->©#36ME*l«I (Y*|W ©HBflHMfrtt, » 
tff&iSS4 i©£5KJt&«¥ST&5o £©«£. 

^fi-m-rx? (r) ±<D&&ommftifi\t> ^n-en 

»#lft»4 0©«fc5C«flsbT. *K«lciB«3 y-X 

&, #*£#ifcTttt>£t>fc!»*tr&tt4>fct>&». -7 
X* (R) RtfSS (W) ©£MTHB&trS#4>fc<fc 

[0 0 12] *58M©*2©»Jt««C±ntf. 

nm) ##*T©fiJR3SSiirr 
TtefcV>fc«>, /UUX^jg (1) TfttigWjHPJttf^'J 

fc/'WX}fc£f&*TS. -?-©£:*, HlfcisnT. 3teiS 
(D *^»m^ns^;ux7t (LBo)a. *¥*rsi 

(H^[6J) -r^M3t-W>XA^<J.otf-Ai|S^« 

aw-easts (i) ^sttffl^ns/wx^ (lb»)© 

*3f#|fi]£, vx? (R) ±©X'Jyh«OM^ 

d5) ©fcSDSriRiKRjrra. 

[0 0 13] £©«£, -t©AWX*£ (LBo)©*¥* 
|fij©«£aS#fil©*£©Jttt. — flS!l::H#©X 'J y h 
tt©BB9i»* (15) ©j£fi*fa©^<!:#;t3E#[6]©'li 
fc©tfc«fc0*>/h3V\fc», fiflJA«03tCS-rJ;5^, 2 
fe©v'J>H'J*;H^>X3 8RT*3 9*fflV»T. ^© 

(L Bo )©*¥2rfcI©«Sl£*f 
£©£#, AJftS/W;** (LB <>)©&# 9 

01 , M»©^U>F'J*/H^>X3 8©&&ffiSi£ f 

fT*t. 3/'J>F0*JH^>X3 9«»6»HJSn«^ 
)UX# (LB) ©ift#t>ft0i tt, *©*3Kfc*. 
[0 0 14] 0 2 = (fi /fi ) 0i (1) 
Sot, *¥*lRl©tr-A«fe»«f*fc©K. fi <f 

2 t-r*t. *©=t^tc^o, ttBsw^wi (l 
b) ©jstf«Dae» ii/j>$<^2.. 

0, >0 2 (2) 

Sot, tf-A*ft*¥*IfilKlfi»f*t. 04tc^-TJ; 

(15) ©££2fft (SR*|fd) T?©^ 

3>h?x ^©iis^x^s/^^/tiS'— >**je*£sns. 

[0 0 15] ^©fig^^ (15) ©^«^ifii©fias» 
*»4WAtfH5 (a) ©»*ft*4 0©J:5tC*S. T 
X^R^SK©^*!^*^©*^^®^^ 
S&ffi-fni3«fcoT@5 (b) ©«fc^K«*&tt«©« 



(4) 

5 

(R) ±©gE5!i^Ttt. CTA«I^5 (a) ©&@4 
0 C, 4 0 F, -©JBfcBfttffTfcn. »J©j«|*A!(Ttt 
W4 0B, 40E, -©IHfcBJbWTfcftT, 

i!ft£j8tt5&i&K:, 0 5 (a) 0614 0 0, 4 0 
F, 4 0 IT, /Ur*^j&Sffton*«k3fc*iE»flE© 
f«5 7-*iaES*T. ttB4 0FT»3tr 
5tStt«A. fifi4 0 IT»W*fc#tt«B«lt« 

[0 0 16] £ftfCj;9VX:? (R) ±©#JSjttjft«, 
0 5 (b) ©#*|Bl«4 0. 4 2, 4 3£»3. /WX 

ft. vx? (R) ±©jfea*KdT?©!B«tJ6BflS«aft 
*. BP^, (R) ±©tta©j«it^t*v»T, 

n, m£S&£bT, 7WX»**fc#*llMM 0±© 
j£47j|n]©ttffl#0, 2m7t+ (2 7t/n) , 4m7t + 

(4it/n) , 6mn + (6n/n) , • ■ • , 2 (n 
-1) m7t + 2 (n-1) 7t/n, • • •t&S.fcS 
IC, ttfflBl*^g! (8, 9) ©»ff*««-rSCtfc«fc 
0, j£*#ffl©JlMttr&jWSKaft*. 

[0 0 1 7] *©;^X3t©fflM3t— U>XS 

^m-r-5^w=it-i^>^^a^g; (i7, is) t. 
£© * 5 c«ktasftfc*©/ij^3tt©fflra3 t-b>x 
ci&UTtfcBWfa (8, 9) ©»fe*iiwr*iwfp 

^8 (3 2) tft«H-fc«^fc»4, ftfflStifc^nt 
-b^XC&CT, vx* (R) XXfj&R (W) ±r© 

5ic ms*m&& (8,9) ©Kf^swu-rs. 

[0 0 18] 

tUT/i;^»«ffla)U-1f«Hift«fflLfcXU y hX 

>B3t*s:©a^8^gei:*Psw£afflLfc ! 6>© 

Oglfc^T. X*->Vb~ !f3tiBl*»6»lfiaft& 
(tt*tt«itf2 4 8nm) ©b~»flf-AL 
B. «, «nfflS»5 5-Ml. M2, M3R^M4J 
^ b T v U > H U b >X£#tr t- A»«Hfc** 2 
i:AWt5. !fftagl^6ttffl3ftfcb- 
-tft-ALBo ©frfflflftttt. (HTJfa) ©it® 

awjSrfl (v^isi) ©««kDj&»«:»3*ir»a-fi^je»-c 

*rj, 2 Ttt. b— iftf-ALBo © 

*¥#l6]©*@£i£tf« «*©XUy httORMMWU 5 
©K«it t B«H i;««ifc©KiB»tt© b— tf tr- A L 

[0 0 19] S3tt, K-AB»3t**2©«*S* 



^H¥6-34970 1 

b. Z.<D®3\Z7*?£5\Z. AWT*b— tft'-ALB 
o tt. j&MSmii ©->'J>H'J*JVU>X3 8SIX^ 
&®8tf 2 (f2 >f .)©-><J>h'0;*J)l/b>X3 9£«1 

t. 8ftB^«©*¥*iBi©'li**f !/f < f&Kffi*3ft 
AtfTSb— tfh'-ALBO <Dm<9n&0i t 
-f-St, tffflSfti^— tft!-ALB©JI:*tDft e 
2 li, &#9ft0i ©f i/f iKlJM>bTt>a. 

k, ^©^r^t-b^xtefttfosavhs^eies^ 

fd66. ttftiSftSb— !f t'-A L B ©xK^ft (H# 
IS]) ©£W:it-b>Xtt, AWlT^b— tft'-ALB 
o cfcOfciSW^ftT^S. 
[0 0 2 0] £-A»»3t**2*»&tfHi 
Sftfcb— tftf-ALBtt, **MJEtt3 9-M5Tff 
OdfJlf e.ftTtf-AX^X^>y- (XttX-Ab> 
X) 3KAWU Ffr£©^ffl^&K£TW»^tttfi£* 
Sft*. t*-AX^X/1>^-3*^WtHSftfc¥fT^ 
b~ iftf-ALBfct. «36*atbT©*ll^ I JXA4 
fcAltb. 2t?©il^-r^<i^^('»Sl^ft ; 5. 
<fc5K#SI3ft£2^©<I»fr&, ftBS*tIEffl©5£ 
3?5X^UXA5i:A»b. h*-A©iiff*lS]^«iE3 
ft*. ^©&> 2O0I^OW' Iftf-Att. IS 
a©77-f7-rb>X6S:t/'Jb-b>X7£*£-C> S 
Hl3 7-8-CST0ffltfe>ft-5. «Bi3 7-8OTijSe 
9fc«fc0. *¥W±©Bfi£©aflElBHrtTb--?flf-A 

[0 0 2 1] ®«i3 7-8-C^a$ft?)b— 1ft-A 
Ub-W>Xl 0*igT2g!a©77-f7-<b>X 
1 1 CAMb ^©Wm#J©^Mt'*Sc©3^iB 
(Xtfyhft) «**«S*U £ftSi*Sc©3 3fafcKa>& 
©b— tFtr-A^. MK*3fcb>Xl 2l;ioti3t3 
nS7-l 3TffiO«r^?.ftT. ^^f>a>5 ! >-9— b 
>X14ICA»TS. ^»©3^j|g^&©b-1ftf- 
A«^-f>n>x>-9— b>Xl 4lC«t-3T, b^^JU 
R±©fia*I^I©*jfi«D©fi*»ffl«ieB«l*l 5lrSft 

bTMHSft*. ^-©ram«ci Brto/t^->»*«a 

P L &^bT^XAW±©fi7j^©S> l e®« 1 

6rtt«g*ia^^ft4. 

[0 0 2 2] £©<§£, ajK***PL©*Wc¥fft 
ZW*8iO, ^E-©3ttt(c:Sil^:XY^ffirt©Xfft*fi^ 
»©J»M«« 1 5 ©JEia*lRlKJR4. tl/T, *^JT 

a****PL©is»ffirts*/3i:Lr. nnrnti 

5^^bTb^^)PR&X7j(6j (^ft& r^lc^[BiS 

rj t-r-s) (iji«vTi£a"rs©t[5i»3bT. ^x;\ 

W*-X^[6] (^ft& r$g^[S]SWj tr*) ica* 

j3 • vT^a-r*^t(-<to. b?^;i/R©^^->« 

^P Art©[Hl?S/13'->«^*0X^W©->3 >y 

«l'«^8>t$ft*. 

[0 0 2 3] 01II*5V^T, X+vTb-1f*©^W3 
t-b>X£iS^£;fc©K, m^b>XLl£^fflS 
50 tt3 7-M5©^5(II9:Sb. MfflStt5 7-M5T 



(! 
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*<»$k£,®.mzWmhK. C C D J; 0 &3 2 #7Cf§&^ 

j&g-rs^T. w-tfk*-A©%&as«raft5<fc3 

0. Jffi9HBttl 5±T?Oj£aE*lftSRRtf#*aE*rtI© 

[0 0 2 4] B2H HlOftiliiaSBfflM*** 

1/— !ffMBCD«*fcfc* h U #ffl©*®Sit 

(1 0 0%*ft) Sf3f^&7n>h5 7-2 2, * 
©ftSSroi^S?— 2 3, StfiS^ffl»MP«2 9, 
KMtt&tf KftKflMUS ©7'J XA 2 4 . &tfE»S 
tUST*&T2 5*#, ^aSTfcbTBtf&ftT^a. 35 
fc. SftMlfctt, >-1f?a-^2 1rt 

®8B2 6, f6S$n5U-iftf-A©t6*tiSfiSSt- 

jetc-rsfcftc. E*r*T2 5©ra&ftSissrrsafc£ 

[0 0 2 5] Sfc, 7D>h57-2 2)5^«W^nfc 

ytf— a©— ass. tf-Axyjy^-3 OS^L 

!ftr-A©iS*S*fflU, tftfflUfe&SSSEgSHS 

«*ish«4B«*i 8TMaLT^»$nstf-A%fi 
ftiasufcw^ (s#wttt, 2*xiMffi 7±t 

+->-7V-ifJtigl©U75 7-2 3©ffi»jgB2 8~*7 

±w©se3 2^2en^. ffiifjgP2 8«^»£»£ 
nfctfic^uT^sisrifckf-AORttfto^ 

[0 0 2 6] S&, Hl«V?-i'Jl'R«>ttB**R^* 
g«0 2©I^f L ^;PX5 L -v ? RSTHJ;^TfT^n, 9 
XAW©ttBft®Rtf5fc*ttH 2 ©OiAXf-yWS 
TfcJ:-3Ttffcn*. W*W-i?RSTH 15 1 

ywsTtt, ^iaw±©&&©->3 ? hfct««)**fc 

#fi&tfY#ftKXxy7'-7>F • 'JbT-h*^^ 
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UTW^-^^RO^SEICHjaUT^XAWSjfeSE-r** 
fig£S£b-B-8o. 
[0 0 2 7] ^SHWgg 3 2 tt. Sg&fMfflgiS 2 6 S^"b 
TX*->vi/— *f3t»l©58fiS«»t. tfXAXx- 

■g-n^n^xAXx-^wsT&t^w^^jwxx-vR 

STOBftsSMfW*. *UT, ±M©SB3 2tt. e 
IfcgB 9 Stf- UTSilS 7- 8 ©SBOSfi&tf BJti*? 
51115. Sfc. .£MWS«3 2Ktt, A^itt 
i T©*-#-H3 6. ffigA*S« OWT^**) 3 7 
^>tti73gft£:LT©g*gB (CRTt^X7W. 

UA?3Sg3 7«, **^XA0!)«3tiaaiC*&-3Tl 

[0028] *fc. HM®mw32n, ^m%w&v>x- 

*->V I/— tfftig 1 tf t*-A©if-A^«^ 

©1***B*£&a*l 8#5*«t!J» XJI^-TVhS 

? T»fa;v»T, x^y^;wi^->sst>/j>a<-rs«t5 
fc*aMfcsn&BSHS*, &i;^xaw±© 1 o©-> 

a y h«*lcB«-an«W— !ftf-A©A;VXgcSifc£ 
LT. £SffifftB2 6 rUf-frSBT*. ffifTbT^fWfD 
g@3 2ll Slb3 9-8©1HM*. SIR, Rtf&ffl 

n. sa^**iifis*SLTjt^sffl-r. 

[0 0 2 9] **rfVffARSWlAWJ:0 

o r. bic*v»tx*->tv— if3iiaii*»6 

Ktasnsi/- »fk*-ALBo o5W3k-i/>xtt* 

iftf-ALBo ©£Hnfc-k>*©EK&lWai8Si 

«i5ciam HPS;tSE#fcsRK:&*«k5fc» m 

W^SSflliS-r-5. intiD, UW*R±fflIB 
^1 5±fc»*«n*U~ tflf-AWX'W^A* 
-M4, ^S73l6]SR©n>h7Xh*^<> 

[0030] ai©i^^^;i/R±&^xAW±iw^ 

ft? £ft5X"W?;UA:5' — >Ctt, 7-f U>X6S. 

tfl l©lx>XXW^>h©ffi?fJt^L^SffiM^ 

fi, w?^;>R±©x7j(p]lc:S5<^a. *«t?I4. 
y^;WA^->©3>H5'XhS«5-a-5fc»II. u 
— tffcf— AL BS, ■d)t^StbT©*a7' l JXA4{C 

<t o F?f£©ftgsft-f 2 ^©{utfiSt^© y tr-A t 

^liiltTl/^^^RSMWtTV^. ^-©20©(§3t^ 
?>©rt©. SSlODBJtja^W-lft-ACiSHBWB 
«15©^fi7Jr6] (X*(Sl) OWtt»*I (X) («» 
50 fit) (4, S6 (a) ©^a^4 0©cfc5II. m^ty 
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tfLtt<r>\'~ tff-Alc«fcsra«^i (X) tt, tffttt 

«4 4T*-TJ:5lC»*lft«l4 0C»UTX*IflHC*fcr 

(X) 14. ESJ6 (b) CD»*itt*4 5taD, JHflESMi 
©&Sft©£iH«<£fc£fta. 

[0 0 3 1] H4B*«©U^*Jl'RJ:©!lH'lM»& 1 5 
©BMBMSSwU l^^^R±CttH4 (a) Ka^T 
«fc3Kjfc**l«SR (X^flpJ) ©«DOWW*«l 5*» 

MI (X) », t94 (b) ©*Wnft*4 0©«fc5K»r 

Y*|ftOJME»#I (Y) tt. 04 (c) ©#*&|&St4 

fit. X^[fe]T(Dfi8«tJ^&. BHW«*15tWra^ 
? JWR<D*SE»«H 1 ©Sifts 7-8 C«kSk-if tr- 

[0 0 3 2] 05 (a) tt, *©JfilPi»*l 5T?©l/t 

ji*3fcSD©j£SD5fGi (xa«> ©J»**Mii (x) fc a? 

M*5i-S»*ft«4 0 6*1. SIA^XIWDST 
(a) ©8893®^ 1 5©fl«T**. * 

nit. l/^i^R±©#IMM!W*BI5 (a) (13 5 
(b) hmW) ©Xtt!:»oTftUT^<t>©tt 

[0 0 3 3] *«T?tt. /WXfBfoWrfen, #tfjffl8l 

nBC/WXSBfrC, 0, PX/n, 2PX/n, 5(7 
.... (n-1) PX/n©#tt«fclf-^ft»^» 
#*«W*&n*J:5&;i*att (0, PX/n, 2P 
X/n, • ■ (n-1) PX/n ©Ml: 

T, ft* ©tt«fcK-**»O0**«#£T» 6*1*1 

2, n/3, • • ■|!»l/fcfiil:^-i'^Mft 

V>55iffi (fiaWffi«DSi^S/^X&nTfiJoTW— tf 
-©«««»» f£»ttfc*V= (D/n) f) £-» 40 
-T5«£> 01©ig»ji5 7-8 

<. u^;uR±;&tf'}x/\w±T©!«gtJ6te&fcS& 

[0 0 3 4] «*tt\ jSSH/tJV^ftjfttaoW&Ktt. 1 

ftoT. 0 5 (a) l^^)t/R±©3£3 
j|Btt£ (X=0) Ttt, WR§D/3©&e4 OA, 4 0 
E, 4 0 1. -©JHfcBfttffffcft, X*r6]©8?ftfi# 
:fc<£ji.5<b, 05 (b) ©#ftl&$4 0, 4 2, 4 3© 
/t;u*©Sto£fc>ttfcfc*fc©. «3£SI#S©ftStr 6 5C 
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-rz>mm\t. jhm««i 5©jtaE*iRi©«D©i6»»© 

n^»»3£5*lTV55. 

[0 0 3 5] fib, l^^Rfttf^XAWCjglSig 
B&i£©£ 5 (OxAW±-e©jSiE@^fi^t ck 0 ft£ 

£©£?&*§£!::«, 01©&ft:=7-8£i£2 
LT. 0, PX/n, 2PX/n, • • •, (n-1) 

p x / n ©ttffc tf— ^ s t, t?^^fti6l^# 6 «k 5 

[0 0 3 6] A#«fc*W/'«A'X*J9«4©»&Ctt. 1 

>\)\,7,mzvm )vr\%. xnfa\zv/Atz\mms 

<b. tot, 05 (a) tr*-r«fc5irix?^;i/R±©^ 

SfiBSt^ (X=0) Ttt, mB«D/4©fiI4 0A, 
40 D, 4 0 G, 4 0 K • • • ©WK*3t*«ff totl. M 

©ifcs^. x = o ©&gfr s d/ 6 «w«nfcjS[-ea. 

{4S4 0C, 4 OF, 4 0 1, 4 0L©mt«Jt*»ffto 

n-Sfcfe, x#fo©WW#*©##tt, 4MMMM0 

©«ta^t>*tft«3. 3t*tr6©e«tt*<snav». 

^TiSSftS 7- 8 WAtf, &B4 0F 

T©«3t©fc*ttPX/4, tli4 0IODt*ttPX/ 
2, tt«4 0L©i*tt3PX/4tflt«»57-8© 

SSi:<kotft«m5t, 05 (c) ©iSfcftfe 
S4iSroftffl©«E©MtS:0, WflEtiSaWAT* 

05 (c) t?, Mfii4 6, 4 7, 4 8 
tt, »#|Bl»4 03&»6*ftS9-8K:J:-3T*rne»ltt 
ffiSPX/4, PX/2, 3PX/4fcWfct)©t 

[0 0 3 7] *tr, W3^;PR&lP}XAW©;iStj§& 
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